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FACTOR ANALYSIS VERSUS CLINICAL ANALYSIS 
OF INTELLIGENCE 
BEING 
A THESIS PRESENTED TO THE: GRADUATE FACULTY 
OF THE FORT HAY$ KANSAS STATE COLLIDE IliT 
PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR 
THE DEGREE OF IvIASTER OF SCIENCE 
BY 
BETTY MARGARET ~TiliTSON, A. B. (FRIEND3 UNIVERSITY) 
~Ch'm'n Grad. Council 
CHAPTER I 
INTRO DUCT ION 
The technique of mental testing has in the period since 1905 grown to 
its present status as a useful tool in every psychological clinic and labor
a-
tory. A very brief discussion of its development is here~included to indi-
cate the relation of its historical antecedents to various theories of in-
telligence and especially the one on which the present work rests. 
Mental Measurement. 
Fechner, Wundt, and Ebbinghaus a.re the chief figures in laying the 
foundation upon which mental testing is built. Fechner, a philosopher, 
began mental measurement with his psychopeysical teclmique, the. result of 
a search for experimental evidence on the psychopeysical problem. Vlundt, 
though one of the greatest of the psychophysicists and therefore a figure 
in the general history of psychological measurement , claimed the higher 
mental processes were not amenable to direct measurement. Ebbinghaus, 
with his analysis of the factors in memory, opened this field also to 
measurement and proved the possibility of measuring the higher mental pro-
cesses. 
Stu~ of Individual Differences and Early Scales. 
The movement directly preceding the intelligence test, however, is 
the study of individual differences by Galton, Cattell, Binet and others. 
Gal ton's study of English men of genius made apparent the need for exact 
methods of measurement rather than subjective estimates. Cattell attacked 
the problem directly but a majority of his tests were on the sensory-motor 
and mo tor judgment level . Ebbinghaus in Germany devised tests of mental 
acuity including the completion test. But Binet in his attempt to find a 
satisfactory basis for the determination of feeblemindedness in elementary 
school children of Paris constructed the first of the modern type intelli-
gence scales. Tile early scales bad been constructed under the dominating 
influence of the 0 structuralis't" psychology. They sought to measure indi-
vidual processes or mental elements such as the sensations and perceptions 
by whose combinations and fusions the mosaic of the mind is patterned. 
But all such experiments showed so little correspondence between the re-
sults recorded and the observed "mental efficiency level" of those tested 
that their authors realized they were not justified in labeling such 
methods scientific. 
Alfred Binet. 
Hara Binet, who had gradually worked away from pure sensory-motor 
tests to tests Of memory, sentence completion, etc., becomes the outstand-
ing figure. With the appearance of his 1905 scale, the idea of measuring 
mental ability by tasting the child with a series of tasks involving 
thought, judgment, and the other higher processes, became established. Since 
that time many individual intelligence tests have been published, a large 
number of them Binet revisions. Group tests have been devised ani v.idely 
adopted. 
During this time theoretical questions regarding intelligence were 
the subject of much controversy - psychologists sought a definition of in-
telligence, sought to determine whether it was hereditary or acquired, 
whether it was a unitary or composite trait. 
Structuralist Pefinition of Intelligence. 
To the last question many answers have been suggested. A brief 
review of several will be considered here. Tile structuralist or associa-
tionist view postulated that all mental activity is potentiaJ.ly analyzable 
into its smallest units or elements. To most of the adherents to this 
group the elements were sensations. By a process of associations, combin-
ations, fusions and comparisons, these sensations developed into percep-
tion, ideation, imagination, willing, and judging. A pure associationism 
as such no longer exists. The behavioristic school, functional psychology, 
Gestalt psychology, and other opposition movements have gradually taken 
its place. 
Charles Spearman. 
With these new schools have been associated new theories of intelli-
gence. Four well-known modern theories will be briefly reviewed. Most 
definitely associated with one author is Spearman's t.vo-factor theory. 
His explanation of it follows: 
--whenever the tetrad equa.tion1 holds throughout 
any table of correlations, then every individual 
measurement of every ability can be divided into 
two independent parts which possess the following 
momentous properties . The one part has been 
" It called the general factor and denoted by t he 
letter g; it is so named because, although vary-
ing freely fron ind,ividua.l to individual, it re-
mains the same for any one individual in respect 
of all the correlated abilities. The second part 
has been called the ttsnecific f actor" and denoted 
by the letter.§.• It ;ot only varies from individual 
to individual, but even for any one individual from 
each ability to another ------ --- But notice must be 
taken that this general factor g is primarily not 
azw concrete thing but a value or ~O'llitude. 
Eventually we mey or ·may not find reason to conclude 
that g measures something that can appropriately 
be called "intelligence.112 
Godfrey Thomson. 
Thomson, among others, has opposed Spearman in both theory and proof. 
He has attacked the 0 g1• factor theory on statistical grounds and has pro-
posed a counter theory of group fac tors . In their book Brown & Thomson 
offer this exposition of Thomson's position: 
1. Formula for tetrad equation: r r -r r :O ap bq bp aq 
2. Spearman, Abilities of l!a.n , 74 - 76 
In place of the two factors, one General and 
the other Specific, Thomson prefers to think of 
a number of factors at play in the carrying out of 
any activity such as a mental test, those factors 
being a sample of all those which the individual 
has at his command,-------- The Sampling Theory 
neither denies nor asserts General ability, though 
it says it is unproven. Nor does it deny Specific 
Factors. On the gther hand it does deny the absence 
of Group Factors. 
These factors or groups of factors which he thus proposes ma;v operate as 
units in mental performance. 
E. L. Thorndike. 
Thorndike's theory suggests three types of intelligence, abstract, 
social and mechanical. 
The fact of human life of whose nature we seek a 
more exact description is the ability to deal with 
things or persons or ideas by the use of ideas. 
We contrast intellectual power over things, as by 
ideas about length or weight or heat, with non-
intellectual power over things as by strength or 
skill or acuity of vision. We contrast intellec-
tual pov,er over people, as by consideration of 
facts about them with non-intellectual pov1er over 
them, as by good temper or courage or physical 
charm. We contrast intellectual power over ideas, 
as by using other ideas to gai n success with them, 
with non-intillectual power over tbem, as by industry 
or patience. 
Truman L. Kelley. 
Kelley, the author of the system of factor analysis herein em-
ployed, makes this comment: 
The sum total of the mental experiences of all 
human beings defines the limit of interest of 
the psychologist. Concern wi th this broad problem 
may lie within the province of an .Aristotle, a 
Da Vinci, or a Swedenborg, but not of lesser 
men.----------------- Let us say that the in-
dependent dimensions wherein life functions, as 
grasped by the geniuses of the age are some 
large number like 20, 100, or 1,000 - it matters 
not which of these we talce, for 20 is surely so 
large a number that it transcends the complexity 
3. Brown & Thomson, Essentials of Mental Measurement, 188 - 190 
4. Thorndike. Measurement of Intelligence. 413 
of a:ny precise interchange of ordinary thought. 
---- Let us say that the :present-day psy-
chologist - serious, careful, and competent, but 
not a genius - is capable of sensing a mode of 
nmntal functioning of ten dimensions, and that 
the average school principal or guidance officer 
can master one of five, and that the dullard can 
encompass one of one dimension. This last person 
is a believer in the adequacy of a single mental 
factor without a:n.y trimmings-------- Let us call 
the 100 dimension view the 'very many factor view'! 
If students of genetics, influenced by the probable 
number of genes in the human chromosomes, insist 
that the number must be a thousand, ten thousand, 
or a million, the writer has no objection, for to 
him all of these are in the single class of big numbers. 
---- The writer would consider this an extremist 
view in the complexity direction. It would seem to 
him practically defensible only if practical issues 
of utility are neglected.--------- Finally, let us 
call a concept of mental life based on some inter-
mediate number of traits the 'ample factor view'! 
The writer believes the number of factors in thig 
view is greater than three and less than twenty. 
Kelley then outlines his statistical method of factor analysis by 
which human reactions may be analyzed into an nample" number of factors. 
These factors are not necessarily unit traits, but they are independent. 
It is in accordance with this view and this met ~od that the present author 
has attempted to analyze one type of mental performance, the responses of 
children to an intelligence test, into five factors, seeking a cor respond-
ing clinical factor for each statistical one, and comparing the results 
obtained by the two methods. 
5. Kelley, Essential fraits of Mental Life, 33 - 35 
CIIA.PTER II 
ANALYSIS BY THE STATISTICAL METHOD 
Kelley's method of factor analysis, known as the principal axes 
method, is one of several based on the rotation of axes. Thu.rstone 
has presented a method knovm as the center of gravity solution. 
Hotellirig' s method of principal components appeared later than elley' s 
first outline and is similar to it. 
The underlying theory of Kelley's. method is that the mental functions 
necessary to any performance such as success on an intelligence test, 
tend to group themselves into constellations. It is best visualized as 
a geometrical problem. Each function is represented as a point in space 
a given direction and distance from a common center, such distance and 
direction being determined by its relation and importance to the whole 
performance. If then, these points in space are projected upon a single 
plane they tend to fall into constellations through which it is possible 
to construct a contour ellipse. Such a pro.jection upon a plane sets a 
two-dimensional problem. The task of the analyst and the purpose of the 
method described is to rotate the two original axes until the major 
elliptical axis is a maximum length and the minor one a minimum. When 
this geometrical:· process is complete unassociated factors have been 
determined, one along the major axis and one on the minor a.xis, and the 
particular performance has been described in terms of two traits - a two-
factor theory. Analysis into more than two factors requires thinking in 
terms of more than two-dimensional space. 
For this particular investigation int o the responses of children 
to a verbal intelligence test, the Herring revision of the Binet-Simon 
scale was administered to sixty-six grade school pupils in the second, 
fourth, and seventh grades of ~ashington School, Hays, Kansas. The first 
three complete sections of the scale were given to each pupil and his 
intelligence quotient determined. Then to five of the individual items 
of the scale, the method of factor analysis just described was applied. 
The items chosen were, (1) The definition of abstract words, (2) Reading 
and report on a short selection, (3) Solution of what to do in a given 
problem situation, (4) The completion of number series, and (5) The 
repetition of digits backWard. The five tests are described in detail 
in the appendix. Correlations are the necessary first step in the statis-
tical analysis and in order to provide a sufficient numerical variability 
several of the items were supplemented by similar items from the Staruford-
Binet scale and other sources. The intercorrelations of t hese tests are 
presented in Table 1. The factor analysis was carried through and the 
resulting five equations for independent components appear in Table II. 
These equations represent only the numerical formulae for determin-
ing the five given independent factors by which success is to be described 
on the items considered. They do not auto~.atically name the components -
that is the subjective task of the analyst. They have been interpreted 
in this way: since the squares of the coefficients of all terms must equal 
1, the terms can be expressed as percentages. The first equation can then 
be read in this way: Of component A, 36% is the score on definition of 
abstract words, 22% the score on reading and report, etc. 
The components must then be named. Component E, since so large a 
percentage of it is the ability requisite for success on one test, seems 
easiest to name. Since, as a factor in this particular constellation, it 
is 98% dependent on the score in repeating digits backWard, it appears 
to be facility in rote memory. The others, not being predominantly in-
fluenced by success in any one test, are more difficult to characterize. 
TABLE I 
INTERCORRELA.T IONS OF FIVE TRST ITEMS 
. 512 ± .061 .571 ± .056 .675 ± .045 .371 ± .072 
.620 f .051 .6!1,9 ± .048 .526 ± .060 
.612- -f .052 .392 ± .070 
.559 i .057 
TABLE II 
INDEPENDENT STATISTICAL FACTORS 
Component A= .597x1 + .465x2 + .445¾ + .463x4 + .122:x5 
(36%) (22%) (20%) (21%) (1%) 
6omponent B: -.73lx1 + .60lx2 + .315x3 + .0l2x4 + .0925:x:5 
(53%) (36%} (10%} (1%) 
Component C • .007½ - .413½ + .824~ - .387x4 
(17%} (68%} (15%) 
Component D = -.333~ - .489x2 + .132x3 + .797x4 
(11%) (24%) (2%) (65{o} 
Component E = -.005Xi - . 1135x2 - .085x3 - .059x4 + .990x5 
(1%} (1%) {98%} 
Key: = Abstract Definitions; x2 = Reading and Report; ¾ = Problem 
Situations: x4 = Number Series; x 5 = Repetition of
 Digits. 
Component A is 36% dependent on the ability to define abstract words, and 
2rffa on each of the tests of reading and report, reasonable solution of a 
problem situation, aI!d. completing a number series. Since it is a factor 
in all these abilities and absent as a factor in repeating digits, it 
resembles very closely what Thorndike calls "abstract intelligence." 
Here another problem arises. Components Band D involve significant 
negative proportions of the aptitude required to define abstract terms, 
and C and Dare negatively related to the ability to read a selection and 
report on it. It seems necessary, therefore, to postulate some ability 
which is the opposite of a factor involved in these total capacities. In 
the first case, obs0rvation has shovm that many children who can use 
abstract words such as obedience and hope in their correct context situa-
tion are yet unable to define them. Asked what hope means, such a child 
responds "you hope for something." He maur even produce an appropriate 
example, but pressed further by the question, "What do you mean when you 
say you hope for something?" he fails to pass the test. so this negative 
quantity will be referred to as the ability or tend.ency to rely upon tools 
or symbols. ~a other negatively related test forces the postulation of a 
trait opposite to one of the factors involved in reading and report. It 
may very well be somewba t identical with the ability just named, with the 
further stipulation that it functions only in tasks which are non-~JIIlbOlic. 
Component B, then, 53% dependent on the ability to use symbols, 36% 
on reading and report, and lrffa on number series - has been characterized 
the ability to perform a mechanical :manipulation of symbols which does 
not necessitate comprehension of ~~eir meaning. 
Component C, on careful inspection, appears to be "social intelligence.
0 
It is probably associated with the personality trait of extroversion in 
social adjustments, since it is related not only to the problem situation 
score, but negatively to the number series and reading scores. 
Component Dis the third of this series of five factors which can 
be designated by one of Thorndike's terms, mechanical intelligence. On 
the basis of relation to success in number series and to non-symbolic 
tasks, this designation seems justified. Component E has alrea%1 been 
named facility in rote memory. 
Statistical analysis of an individual case consists of reducing 
each of the individual's sco~es to standard deviation lengths from the 
group mean for that item and placing these in the equations of Table II, 
then ranking the factors in order from highest to lowest with regard for 
absolute as well as relative differences. 
CHAPTER III 1)4 011 
ANALYSIS BY Tlia CLINICAL METHOD 
The second approach is the clinical analysis of cases. The tools 
of the clinician vary amo11g psychologists and the ones herein described 
are those in use in the Kansas State Psychological Clinic, described in 
Dr. George Kelly's "Handbook of Clinical Practice." .Analyses were made 
of cases registered with the clinic from various sections of the state. 
The author, who has had two and one-half years of clinical experience, 
assisted in most of the diagnoses. 
The usual data on which clinical analysis is made are a family 
history, sociological history, developmental history,-educational history, 
physiological examination, necessary intelligence and achievement tests, 
and a careful inquiry into the case's psychological and emotional consti-
tution. 
In the :family history general edu~ational level of aunts, uncles, 
and grandparents is recorded. Epilepsy, seizures, feeble-mindedness or 
insanity, illegitimacy, and criminal tendencies are especially investigated. 
On the developmental schedule birth conditions and childhood dieeases are 
checked, general developmental level is followed, and the parent is asked 
to judge the child on a series of personality traits such as nervousness, 
tantrums, phobias, and seclusiveness. 
The sociological history records the case's attitudes to,vard members 
of the household, neighbors, teachers, and playmates, and his ambitions, 
leisure habits, and general social ad justment. The educational history, 
obtained from the teacher, involves her estimate of many of the same traits 
and in addition a record of school grades and failures, general attendance, 
and favorite subjects. 
Of particul ar importance to the psychologist among physiological 
traits are sensory acuities, general conditions of cleanliness, and super-
ficial symptoms of glandular deficiency or toxic and infectious disorders. 
Psychometrics are administered according to the needs of the child. 
For many cases a group intelligence test is sufficiently accurate. For 
special cases an individual test is used, usually a verbal test, but a 
performance test in case of a reading disability or emotional maladjustment 
to verbal expression. Special educational tests are a part of many diag-
noses. Reading disabilities due to strephosymbolia, lack of cerebral 
dominance, or emotional inl1i'bi tion must be differentiated from those re-
su.l ting from pedagogical deficiencies. Special aritb:metic disabilities 
need diagnosis; general educational level is often important; disorders 
of speech often need investigation. 
The trend of the psychological inquiry depends laa:-gely on the indi-
vidual problem to be solved. Such general items as ambitions, anxieties, 
number and intimacy of friends; behavior peculiarities as compulsions, 
hallucinations, delusions, nightmares, and excessive day-dreaming, show 
the trend of these conferences. This aspect needs a much more thorough 
investigation with a case referred for a personality disorder than with one 
who has a reading disability or generally low school achievement unaccom-
panied by social maladjustment. 
From this brief outline of the clinical approach must be chosen those 
items which are equivalent to the components named in the factor analysis. 
Since this study investigates only the rather narrow field of mental 
reactions such items will be chosen largely from the psychometric methods 
used. The five statistical factors were characterized abstract intelli-
gence, mechanical manipulation of symbols, social intelligence, mechanical 
intelligence, and memory. 
The intelligence quotient as measured by a verbal test is used as 
the clinical equivalent of Component A, abstract intelligence, since the 
ability to think abstractly has long been considered a criterion of high 
intelligence. Mechanical manipulation of symbols, Component B, is best 
represented clinically by a reading deficiency. The clinician's estimate 
of the case's general social adjustment is a fair counterpart of Component 
C, social intelligence. Mechanical intelligence, Component D, should be 
revealed clinically by a discrepancy between the IQ obtained on a verbal 
test and that of a performance scale. Component E, so largely dependent 
on success in one test and seemingly so easy to measure statistically, 
has been disregarded in the comparison. 
• 
CHAPTER IV 
THE COMPARISON OF ANALYSE$ 
Comparison of the approaches described in the last two chapters may 
nmv be made. In order to be valid, such a comparison should be made 
after the two methods have been independently applied to the same case. 
Accordingly, the following order of procedure was followed. The statis-
tical analysis was completed and the equations derived for the factorial 
components. Then the clinical diagnosis of individual cases was made, 
with estimates on which of the statistical factors should be low and which 
high. The final procedure was the calculation of the individual's statis-
tical factors by placing in the equations his deviation from the mean on 
each of the five items considered. 
Table III presents the results. In colunm 3 the clinical estimate 
is recorded and in colunm 4 the value of each statistical factor is re-
corded. Also recorded are the deviations in chronological and mental age 
from the group mean. The double positive sign indicates close correspon-
dence, the single positive ~_fair correspondence, and the negative sign a 
contradiction between the two analyses. 
On eight cases clinical estimates were recorded on Component A, 
abstract intelligence. In four of these, the estimate was rated a double 
plus, in two more a single plus, and in two cases a minus. It should be 
noted that the two eases of negative correspondence were young pupils 
with high IQ's and in each case Component A was considerably above the 
deviation of the chronological age and vecy close to the mental age devia-
tion. This fact indicates strongly that Component A should have been 
estimated clinically with reference to distance from C.A., not with 
reference to the order of statistical factors. 
TABLE III 
GRA.PHIC COMPARISON OF MN.rHODS OF .ANALYSIS 
(For actual values of statistical components see Appendix) 
CASE CA IQ CLINICAL .ANALYSIS STATISTICAL ANALYSIS 
2 0 l 2 4 0- 4 -1 2 -2 0 -2 8 
FF 6-9 100 B dovm., C doubtful '-'c 0 
13tt-) t'\a.. A 
GJ 10-3 80 B do'W?l C. D ~A 
(H) 
(-t- ::Blt) l-1 
WN 12-7 58 C up, A & B down (1. J) MCl., 
WD 19-l 70 C quite high 1"e,' A l"b.. 13 J) 
KL 7-10 9J: C, B down 1-1c D ]ft)/ c... A 
GW 7-9 119 All OK A up B .DC Mi. /f) Ca.. 
EI 7-8 122 All OK A up :B C <->A /"'b., ]) c"' 
SC 8-2 127 A ttp B AC]) C'A. 
TV 9-1 75 D up 
])(++) :BCi.C Ma. A 
(D-P 103) 
SIT 9-7 133 A up, C doubtful 
ft.++) f'\,__ c(-t) B Ci..J) 
RL 10-4 92 C down He J) ~]A 
$F 9-1 87 D up, A do.m 13 1tt1r..c 0.. A<t-B 
(P-P 130} 
cc 10-8 73 
(D-P 100) 
D up »1+1c 
BD 12-4 91 B, C dovvn B~ c<tt) 
BX 14-10 63 D up, A & B down C1.. d+tl! Ct++ f\o.. 
(P-P 100) 
IS 12-5 121 A high, 0 doubtful A l-+t 'B 
. Of six estimates in Component B, the use of symbols, one was rated 
double plus, four single plus, and one negative. Eight clinical analyses 
on Component C showed two in close correspondence, three in fair corres-
pondence, and three contradictory. On this most subjective of the clinical 
analyses, an estimate of social adjustment, the correspondence between the 
two analyses is least. Of four estimates on D, the most objective clinical 
analysis - a comparison of verbal and performance IQ's - three showed a 
double positive relation, and the other one a single positive. On sixteen 
cases, the total clinical estimate was in close accord in ten cases, in 
fair accord in three, and in three failed to agree with the statisti cal 
analysis. 
Thus of a total of twenty-s ix estimates on indivi dual components and 
sixteen on the total personality, 48% showed a double positive r elation , 
31% a single positive relation, and 21% a negative relation. 
For the negative 21% several explanations are possible. As has 
already been indicated the naming of the components was a purely subjec-
tive step in the statistical analysis. Wi th a dif f erent choice of charac-
terizations for the components obtained, different clinical equivalents 
would have been chosen and the degree of correspondence between methods 
might have been greater or less. The author cannot defend t his choi ce of 
names except to say that careful thought was given the matter. 
If distance above or below O.A. rather than above or below other 
factors had been the clinical criterion for Component A, abstract i n t elli-
gence, two more estimates 'll'.'Ould have appeared positive in the comparison . 
This factor also accounts for two negatives on total personal i ty estima t e, 
as they are cases on which A was the only component estimated and were 
included in the comparison only because of high I~ . These constitute lo% 
of the total 21% of discrepancies. 
Any clinical diagnosis of Component c, social intelligence, is 
necessarily subjective. This component constitutes 7% Of the 21% of 
estimates on which the two analyses failed to correspond. The other 
clinical methods, reading ability as revealed by diagnostic tests, and 
a comparison of Herring-Binet and Pintner-Patterson IQ's are objective. 
The validity of these, as of any test, is hypothetical. 
The statistical method of factor analysis has been critici~ed. 
The accuracy of representing correlations by the a;n€les o~ the ax.es of 
a geometrical figure is theoretical. The value of obtaining uncorrelated 
factors is somet imes questioned. Many authors believe that utility and 
applicability are the only valuable criteria for factors of mental life . 
However, the advantage of uncorrelated factors becomes apparent in the 
greater facility and clarity which they give to thinking and in the 
greater exactness of measurement which they make possible. 
The factor analysis of individual cases is derived fxom a small 
sampling of the child's ability - success on only five items of the scale. 
Regardless of how accv~ate and careful the statistical treatment it cannot 
compensate for the original inadequacy of the saJIY?liIJg. This fact rmy 




1. By a statistical analysis of five items chosen from the Herring-
Binet scale equations for the following uncorrelated components were 
derived: 
Component B = -.73lx1 + .so1xz + .315:x:3 + .012:x:4 + .0925:x:5 
Component C = . 007:x:l .413:x:2 + .824x3 . 387:x:4 
Component D = -.333:x:l - . • 489x2 + .132x3 + .797x4 
x1 = Abstract definitions; x2 = Reading and Re
port; x3 = Problem situatio~s; 
x4 = Number series; x5 • Repetition of digits. 
2. In a critical comparison of the statistical and clinical approaches, 
48% of the comparisons clearly validated the inclusion of the statistical 
method of analysis as a part of clinical procedure , 31% suggested its 
possible usefulness, and 21% suggested its dangers and fallacies, a total 
79'1/o of results positive, and 21% negative. 
3. Formulae such as those here presented would be of value in a clinic 
in two capacities, as a basis for clinical diagnosis and as a check on 
that diagnosis. They form a rapid, objective method and mey be applied 
to the responses on any Herring-Binet intelligence test. The results ob-
tained would suggest the value of investigating the factors of social 
adjustment, reading disability, or mechanical aptitude. As a check on 
clinical di8u"'l10ses already completed, disagreement between the two approach-
es would suggest a more thorough examination of factors in which disagree-
ment was apparent • 
-
4. These formulae also permit a separate diagnosis of each of the 
aspects of intelligence named. Such a procedure encourages the clinician 
to think of these uncorrelated factors as separate entities, each of which 
suggests therapeutic methods relevant to the individual case. 
5. Implications of these results for future study lie in the field of 
personality investigation. Within the method a.re potentialities for 
mathematical interpretation of personality traits as well as menta l traits. 
6. This study tends to shov, that statistical factor analysis is 
justifiable and that it yields factors which have operational significance. 
The future of the method in the analysis of human reactions is un-
certain. The particular methods now in use :may be discarded within a few 
years. However, it is a new step toward t he goal of scientific experimental 
psychology - an objective, direct measurement and diagnosis of human traits. 
A plea for this goal which is as apt today as wren written in 335 B.C. is 
this ancient ::paragraph: 
By weighing, we know what things are light 
and what heavy. By measuring, we know 
what things are long and what short. The 
relations of all things may be thus deter-
mined, and it is of the greatest importance 
to measure motions of the mind. I beg your 









FACTOR .ANALYSIS V/ORK SHEET 
.512 ± .061 .571 ± .056 
.620 ±. .051 
.675 ± .045 
.6~9 ± .048 
.612 ± .052 
no:r ela ion Mat,.ix r t 
V .of x1 {Test XII) = (3.16)
2 = 10.0 
V of¾ (Test XI) = (2 .75)
2 = 7 .54 
V of x3 (Test X) = (2 .6$) 
2 = 7.13 
V of X4 (Test II) = (2 .66) 2 = 7 .05 
V of X5 (Test IV) = (1.05)
2 : 1.11 
4.84 5.66 1.23 bl 22 .66 .548 
" 
4.56 4.75 1.52 g2 4.41 
7.13 4.35 1.10 83 
7.05 1.56 C4 
1.11 g5 
.371 ± .072 
.526 t .060 
.392 ± .070 
.559 ± .057 
·--001 .517 -.031 
-.029 .029 .002 
2.84 .019 -.309 
2.14 .171 
.747 
Covariance W.atrix Covariance Tufatrix after Rotation 7 
-
COV JI.RI.ANOE WORK IDIEN.r 
10 .0 22 . 66 4 .45 . .453 4.84 .308 5.66 .617 1 . 23 .02 
14 .37 22 . S-6 6 .43 . 548 6 .49 -.001 ·.oo ·. 617 1 .93 .02 
18 .17 22 . 66 7 . s7 . 548 .oo -.001 0-.25 . 617 2.22 -.03 
22.36 . oo .314 o·.714 2 .67 
22.66 .035 .308 0 .765 .02 
7.54 3 . 899 4 .56 .724 4 .75 .oo 1.52 .461 
7.54 4 .384 4·. 55 . ooo 1 .05 . 013 1 . 52 .341 
7 .54 4 .41 0 . 67 - .029 1 .05 . 029 1 .52 . 002 
3.36 .59 0 .81 0 .29 
3.36 0 . 59 o.a1 0 .29 
7.13 3.32 4 .35 .023 1 .10 - . 072 
7 . 13 2.84 0 .49 .019 1.10 -.:no 
3.32 2.84 0.42 .019 - .03 -.309 
3.32 0 .~2 - . ()3 








7 .05 2 .14 1 . 56 .173 
2 . 68 2 .14 0.49 .173 
2 . 58 2.14 0 .49 .171 
2 . 68 0 .49 












p14 : 5.66 Vx1 = 10.0 
Vx4 = t = 17.05 
tan 2f = 11.32 
2.95 
y1 = .792x1 + .61lx4 
y4 = -.61lx1 T .792x4 
D = 2.95 :: 3.83 
V(ylyl) = . 627 X 10.0 ... .373 X 7 .05 1' .967 X 5.66 
= 6.27 T' 2 . 53 t 5.47 = 14.37 
V(Y4Y4) '= .373 X 10.0 + .627 X 7.05 .967 X 5.66 
• 3.73 't" 4.42 5.47 - 2 .68 - 17.05 
p(yly4) : -.484 X 10.0 .484 X 7.05 1" (.627 - .373) X 5 .66 
= -4 .84 + 3.40 t 1.44 
p(ylx2} : 4.45 X .792 t 4.75 X .511 : 3 .53 t 2.90 : 6.43 
p(y4x2) : -4 .45 X .611 T 4.75 X . 792 = -2 .71 t 3.76: 1.05 
p(ylx3) : 4.84 X .792 t 4.35 X . 611 : 3.83 t 2 .66 = 6 .49 
p(y4x3) : -4.84 X .611 t 4 .35 X . 792 = - 2 .96 -t 3 .45: 0.49 
p(ylx5) : 1 .23 X . 792 -t 1.56 X . 611: .975 r . 952 : 1.927 
p(y 4X5} : -1 .23 X e611 t 1.56 X .'792 : -.752 + l.240: .488 
SECOND ROTATION 
Vy1 = 14.37 
Vx3 : 7.13 t= 21.50 
p13 = 6.49 
tan 2 ~ = 12 198 
7.24 
Zl : e862y l -t .508 x3 
z3 = -.508y1 .862x3 
D = 7 .24 = 1.79 
: 10 .66 + - 18 .17 




p {zl z3 ) = -.437 X 14 .37 ... .437 X 7 .13 
= - 6 .26 ... 3 .12 
p(zl¾) = 6 .43 X .862 't 4 . 56 X . 508 
:p(z3x2) : - 6.43 X . 508 t 4 .56 X .662 
p{z1x4 ) = .oo t 0 .49 x . 508 = o .249 
:p(z:f!:4 ) : -.00 + ~ .49 X .86
2: 0 .422 
1' ( .742 - .258 ) X 6 .49 
... 3 .14 
= 5.55 + 2 .32 : 7 . 87 
'.f -3 .27 3 .94 : 0 .67 
p(zlx5): 1 .93 x . 862 1 .10 x . 508: 1 .56 T .56 = 2 .22 
p(z3x5) = -1 . 93 x . 508 + 1 .10 x .8
62 = - . 98 T . 947 = - .03'3 
THIRD ROTATION 
Vz1 = 18.17 
Vx2 = ...1.•54 i.= 25 .71 
p1~ = 7 . 87 
tan 2 q,= 15 .74 
10 .63 
a1 = .883z1 T .469x2 
a2 = - .459z1 T .883x2 
D iii 10 .63 : 1 .48 
= 14 .18 T 
= 4 .00 t 
p(a.l a.2) = - .415 X 18 . 17 r 
= -7 . 53 i' 
p(al%3} = .oo T .67 X 
p(a2z3) = -.OO + . 57 X 
p(aly4) = .25 X . 883 t 
p(a2y4) : - .25 X .469 t" 
p(alx5} : 2 .22 X . 883 T 
p(a2x5) : -2 .22 X .469 1 
1 .56 T 
5 .88 
.415 X 'J .54, -t-
3.13 t 
.469 = . 314 
. 883 = . 591 
1 .05 X .469 = 
6.52 
. 829 X 7 e87 
6.52 
22 . 36 
=~ 
25.72 
( .780 - .220) X 7 .87 
4.40 - .oo -
.221 t .493 : .714 
1 .05 X . 883 : -.117 t .926 = .809 
1 . 52 X .469 = 1 .96 t .711 = 2.671 




= 22.36 P15: 2 .6'7 bl =- .993a1 T .122:x: 5 
Vx5 
: 1.11 tan 2 = 5.34 b5: -.122a.l 't .993x5 l= 23.47 21.25 
D = 21.25 = .251 
V(b1b1 ) = e985 X 22.36 +- .015 X 1.11 t e242 X 2 .67 
= 22.00 'T .0166 t .646 22 .663 
V(b b) = .015 :x: 22 .36 .,. .985 :x: 1.11 - .242 X 2 .67 5 5 
= .335 = .779 
23 .442 
P {bla2) = .oo t' .29 X .122 = .0354 
p(b5a2) = .oo i' .29 X .993 = .288 
p(blz3) = .314 X .993 i' (-.034) X .122 = .312 - .00414 = .308 
p(b5z3) = -.314 X .122 T (-.034) X .993: -.0383 - .0338: -.072 
p(bly4) : e714 X .993 + .49 :x: .122 : .708 t .057 : .765 
p (b!)Y 4) : -.714 X 0122 ;- .49 X .993 : -.087 t .486 : . 399 
P15 : -.121 X 22.36 t el21 X 1.11 t 
= 
Va2 = 3.36 
Vy4 = 2.68 f..:=- 6.04 
D = .&a 
= 2.33 
-2.70 + .134 
FIFTH ROTATION 
p = 24 . 81 
ta.n 2 f : 1.62 
.GS 
:: 2 .38 
.,.. .821 t 
( .985 
't 
.015) :x: 2 .67 
2 . 59 = . 02 
c2 : .832a2 t .554y4 
04: -.554a2 t .832y4 
.748 = 3.899 
6. 
V(c4c4 ) = .307 X 3 .36 ... .693 X 2 .68 .923 X .81 
= 1.03 + 1.86 .748 = 2.142 
p(c2c4) = -.461 x 3.36 T .461 X 2 . 68 t (.693 - .307) X .81 = 
= -l.55 + 1.24 t .31 - .oo -
p(c2\) = .035 X . 832 1- .765 X . 554: .0292 t .424 = .4532 
p(C4bl) : -.035 X . 554 1- .765 X .832 : - .0194 t .636 = .617 
p(c2z3) = .59 X . 832 t .42 X .554 = . 491 . 233 = . 724 
p(c4z3} : -.59 X .554 + .42 X .832 : -.327 t .350: .023 
p(c2b5} = .288 X .832 -t . 399 X • 554 = .240 T . 221 : .461 
SIXTH ROTATION 
Vc2
:3.90 P23 = . 724 e2 = . 827c 2 -t . 562z3 
Vz3 = 3.32 tan 2 f = ..L..Yli e3 = -.562c2 t . s27 z3 
L= 1 .22 . 58 
= 2.496 
D = 0.58 
V(e2e2
} : .685 X 3.90 t .315 X 3 .32 t .929 X .724 
= 2.67 r 1.04 t .674 = 4.384 
V(e3e3 ) = .:315 X 3.90 1' a685 X 3 .32 . 92
9 :x: .724 
= 1.23 t 2.28 .674 = 2.836 7 .220 
p{e2e3} : -.465 X 3.90 t .,465 X 3 .32 1 {.685 - .315} X .724 
-
= -1.81 t 1.54 - .oo t . 27 -
p(b2bl) = . 453 X . 827 + .308 X . 562 : . 375 t .173 = .548 
p(e3bl} : -0453 X . 562 t e308 X .827 : -.255 .,. .254 : -.001 
p(e4b2) - .oo t -
p(c4e3) = .oo ;-
p(e2b5) = .461 X 





D • 3.605 
= 
.023 X . 562 = . 013 
.023 X .827 = . 019 
. 827 -t (-.072) X .562 : .382 - . 0405 = . 341 
. 562 t (- .072) X . 827 : -.259 - .0596 : -.3096 
SEVENTH ROTATION 
p25 = . 341 
tan 2 <:p = 1582 
3 .605 
g2 = .996e2 .093b5 
g5 = -.093e2 T . 996b5 
: . 189 
t . 00670 t .063 - 4.410 
= . 0378 t . 772 = .747 5.157 
= - . 405 t . 072 . :335 .002 
p(g5bl) : -.548 X .093 -r .02 X . 996 = -.0510 t .0199 = -.031 
p(g283) = 0 + (- .310 ) X . 093 = -.0286 
p (g5e3) = 0 + (- .:no) x . 996 = -.309 
p(g2e4) - e013 X .996 . 173 X . 093 = .013 + . 016 = .029 - i' 












CHECK AFTER SEVENTH R0TAT IOU 
= ( . 548}2 = = . 003 
22.66 X 4.41 100 
= ( .001} 2 = . 000001 = . 0000000156 
22.66 X 2.84 64.3 
= {!617} 2 = = . 00784 
22.66 X 2.14 48.5 
= (-.03} 2 = .0009 = .0000532 
22.66 X .747 16.9 
= (-.029} 2 = , oooa4 = .000067 
4.41 X 2.84 12.5 
= (.029} 2 = .00084 - .000089 -
4.41 X 2.14 9.44 
= ( .0021 2 -- .000004 = . 0000012 
4.41 X .747 3.30 
= ( .019 }2 = . 00036 = .0000592 
2.84 X 2.14 6.08 
2 -= (-.309} = - . 0452 
2 . 84 :x: .747 2.12 
= ( .171}2 - . 0292 = . • 0182 -
2.14 X e747 l.60 
\, 7:._ 6 .5 (.003 + . 00000002 + .00784 + .00005): 6 . 6 ( . 01089) 
I 
'K= 6 . 5 (.003 t .000067 + .000089 .0000012) = 6.6 (.003157) 
t. 
'x"= 6 . 5 (.00000002 t .000067 .000059 + .0452) : 6.5 (.0453} 
3 
~ i __ ) A
4 
6.6 ( .00784 ;, . ooooa9 ;- . 000059 t .0182) = 6.6 { .02519 
'I..'= 6 .6 ( .000053 t- . 0000012 t .0452 t .0182) : 6 .6 ( . 06345) 
S-
L= 6 .6 ( . 01os9 t .003157 + .0453 t .02s2 -+ .06345) 
= 6.6 ( .148987) = .984 
:r . 
FACTORIAL EQUATIONS IN TERMS OF X 
Y1 . 792 - .... .611 -• .. 
Y4 -.611 - - .792 -
zl .682 - . 508 . 527 -
-
Z3 -.403 - . 862 -.311 -. 
al • 602 .469 .449 .4
66 -
a.2 - . 320 .883 -.238 
-.247 -
bl .597 .465 .445 
.463 .122 
b5 -.073 -.057 -.0
55 -.057 . 993 
02 -.266 - .339 
-.206 t .438 
.735 -.198 -
= -.605 = . 232 
04 .177 - . 510 
.137 + . 660 
-.489 . 132 -
= - . 333 = ;,-. 797 
e2 -.500 - .226 
-.164 -,. . 485 .192 - . 175 
. 608 -
= - .726 = . 321 = . 017 
e3 .340 - .333 .1
11 t . 713 -.mo - . 257 
-.413 -
= .001 :: . 824 = -.387 
82 - .724 - .oo7 .606 - .qo5 < .320 - .005
 . 0171 - .cos .0925 
= -.731 = . 601 = . 315 = .012 
g5 .068 - .073 -.057 - .057 -.030 -
. 055 -.002 - .057 
.990 
t:: -.005 = -.114 = -.085 = -.059 
10. 
VALUES OF S!UTISTICAL COMPONENTS FOR CASES IN TABLE III 
CASE A B C D MA CA 
FF -2.€126 -.863 -t- •549 .,.. 313 -1.44 - 1.89 
GJ -1.08 -1.13 t- •84 t -33 -.826 -.364 
WN -2.43 -.85 +.55 + .21 - l.19 .,.. 654 
WD .759 -.753 t l.034 -.811 1--432 tz.45 
KL -2 .28 -.85 t -55 t -21 -.97 -1.09 
EI -.2.7 t -71 t -60 -1.12 -.32 -1.49 
SC ;- .177 t l .039 +-158 -.114 t el4 -1.27 
TV -2.836 -.73 -.807 ; .218 -1.4 -.87 
SU .,..1.946 -.59 -.12 -.84 ;,lal5 - . 654 
RL -.80 -.65 ;, .004 -.054 -.288 -.328 
SF -1.68 -.33 -.95 -.48 -.935 - .872 
cc -1.214 -.601 -.016 t•043 -1.00 -.18 
BD +.716 .,. . 816 -.131 ;, .379 +. 504 t-545 
BX -.103 t •683 +.ooa ""l .0'74 -.36 ,-1.64 
IS t l.462. -.408 -.087 -.228 t 2.12 1-.582 
J.J. • 
.A:PPIDlDIX II 
Herring-Binet items selected for the factor analysis 
Test "What does ___ mean? What is ____ ?" 
1 . obedience 2 . hope 3 . pride 4 . culture 5 • hostility 
6. severity 7. prejudice 
If the reply is ambiguous, say II I don't understand . Pl ease explain 
what you mean ." 
Supplementary words list from Stanf'ord-Binet. 
1. pity 2 . revenge 3 . charity 4 . envy 5. justice 
Test x2 "Read thi s t.o y
ourself. Then begin at the beginning and tell me 
everything you have read." 
In a littl e cottage on the banks of a river in 
France there l ived a poor farmer and his wife. 
Their home was in a pleasm t spot; behind it 
was a forest; in front was a huge beechnut tree. 
Under its branches there sa t their daughter, 
a good and gentle girl, whose work it was to 
look after the sheep of her fat her's flock . 
Ber name was Alice.•• 
Test x
3 
°Vlbat's the thing for you to do: 
l. 0 When you are lost and cannot find the way home?n 
2 . "If your lessons at school are too hard for you?'' 
3. ''If the storekeeper does not have the things your mother sent you 
to buy?n 
4 . "If you have nothing to eat and noboey will gi ve you food or money?" 
5. "When you have failed in something you would like to do?" 
6 . "Vfuy can you not t ell how good a nian is by looking at his clothes?" 
Supplement from Stanford-Binet scale. 
"Vfua t i s the thing to do: 
(a) "If it is raining when you start to school?'• 
(b) "If you find that your house is on fire~• 
(c) "When you have broken something that belongs to someone else?" 
(d) "V/hen you are on your way to school and notice that you are 
in danger of being late?" 
{ e) "When someone asks your opinion about a person you don't know 
very well? .. 
(f) "Before beginning something very important?" 
Test x II In the first row of numbers tell me what two numbers should come 
4 
next - here and here. Go ahead." 
''The next row." etc • 
a. 9 8 7 6 
b. 40 30 20 
c. 4 8 16 32 __ 
d. 3 4 5 2 3 4 l 2 3 __ 
e. 9 9 9 7 7 7 5 5 __ 
f. 435465 
g. 1 3 7 15 --
h. 0 2 8 26 
Supplementary List 
1. 3 4 5 6 4. 2 2 2 4 4 4 6 6 __ 
2. 5 10 15 20 5. 2 3 4 6 7 8 10 11 12 
3. 243 81 27 9 6. 2 3 5 8 
12. 
13. 
"I am going to read some numbers • Vhen I am through say the 
numbers backvmrd. I:r I say 9, 2, you say 2, 9. Do you understand?" 
(2) 2,8 6,9 4,3 
(3) 1,9,4 3,1,8 6,8,5 
(4) 5,4,1,7 4,8,2,7 2, 5,3,8 
( 5) 4,5,8,3,6 3,7,2,9,4 3,6,2,9,7 
(6) 3,6,9,8,4,1 4,7,2,1,8,3 6,4,1,5,2,7 
(7) 5,3,9,6,2,8,4 3,6,1,4,7,2,5 5,3,9,4,1,8,6 
(8) 6,.lf4,2,3,7,8,5 3,8,7,4 ,2,6,5,1 7,2,6,8,4,3,7,1 
(9) 7,2,5,3,4,8,9,6,8 4,9p8,5,3,7,6,2,5 6 . ·1 , 5, 7 , 4, 2 , 8 , 3 , 9 
Credit if one series in each line is repeated correctly. 
.APPE:NDIX III 
FOUR ILLUSTRATIVE CASE HISTORIES 
Case V/JJ - CA 19 years, 1 month. IQ - 70 
This was a boy of nineteen who registered as a case in an extension 
clinic, requesting vocational guidance . He was a good athlete and had 
been a star on his high school teams, but had injured himself in basket-
ball. He desired very much to be a coach but £eared his injury might 
prevent such a career. 
He had lived for some time with an older brother. Al together, ha 
had "seen a lot of the world" and ttknew his way around." He was neat 
and well-dressed, with a degree of poise and charm. He seemed to be 
desirable to the high school girls as an escort. 
Thus in spite of the rQ of 70 which our test results showed, he had 
made a very adequate social adjustment, and the clinical analysis of his 
case placed Factor C as the probable highest factor. The statistical 
analysis bore this out. 
Case FF - CA 6 years, 9 months. IQ - 100 
14 • 
This girl was registered for the problem of nervousness and difficulty 
with school worlr. On the record of her Herring-Binet test sheet the psy-
chometrist ma.de a note of her utter lack of ability to read. A Grey Oral 
Reading test revealed that she recognized almost none but the very simplest 
words. 
The clinical analysis placed Component B relatively dovm and regarded 
C as doubtful. The statistical analysis revealed Oas the highest factor, 
.LO • 
D only .24 standard deviations belovf it , and B . 68 standard deviations 
below. 
Case SF - CA 9 years, l month . IQ - ? 
This boy seemed below normal intelligence on a verbal test. But his 
performance on a Pintner-Paterson was startlingly good. Though only nine 
years, he worked with the form boards in a manner superior to that of~ 
fourteen-year-olds. He was superior in both time and accuracy. The Herring-
Binet IQ was 87 and the Pintner....Paterson about 130. 
On the basis of these results, the clinical analysis showed Component 
D high and A low. His scores placed in the statistical formulae showed 
Component D 1 .28 stanlard deviations above A. 
Case IS - CA 12 years, 5 months. IQ - 121 
This girl , about twelve years of age , showed a remarkably high score 
on the verbal test, giving her an I~ of 121. The clinical diagnosis re-
vealed a very mature adolescent, whose social adjustment showed a slight 
lag as compared with her mental development . 
The high IQ indicated a high degree of abstract intelligence , Factor 
A, and a doubtful score on C, social intelligence. The statistics show 
component A 1 .54 standard deviations above C, the second in order and 1.87 
standard deviations above B, the lowest. 
I (::, 
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